A bridgehead adamantyl peroxyl radical has been prepared and isolated in the gas phase by the reaction of a distonic radical anion with dioxygen in a quadrupole ion-trap mass spectrometer.
The 1-adamantyl radical has been identified as a reactive 10 intermediate in organic synthesis 1 and has also been implicated in the metal-catalysed oxidation of adamantane. 2, 3 Bridgehead radicals of this type are unusual due to the enforced pyramidal distortion about the radical centre, which is in contrast to the near planarity of conventional alkyl radicals. 1 This geometric distortion of 15 bridgehead radicals results in an enhanced reactivity compared with analogous unrestricted radicals. 1, 4, 5 As such, the unusual structure and reactivity of bridgehead radicals presents an extremely attractive target for investigation in the isolation if the gas phase. While the gas phase thermochemistry and spectroscopy of the [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] adamantyl radical has been probed by indirect methods 6, 7 and its structure has been predicted by calculation, 8 no reliable procedure for the preparation, isolation and reaction of this intermediate has previously been described. In the present study we have prepared a gas phase radical anion which includes a bridgehead adamantyl 25 radical and a carboxylate anion moiety isolated from each other by the rigid adamantane cage. Kenttamaa has shown that distonic radical ions can provide useful models for free radical reactivity 9, 10 and indeed we observe a facile gas phase reaction of this tertadamantyl radical with adventitious dioxygen in an ion-trap mass 30 spectrometer. These data provide the first direct observation of a tert-adamantyl peroxyl radical. Both gas phase syntheses of the m/z 178 radical anion (Scheme 1) are consistent with the formation of the adamantyl radical, C. The molecular structure and energy of C was calculated at the B3LYP/6-31+G(d)//HF/6-31+G(d) level of theory using the Gaussian03 suite of programs 16 and the structure is presented in 17 Ring opening of 1-adamantyl radicals via β-scission has, however, been reported 70 during gas phase pyrolysis of radical precusors. 6, 18 In order to assess the likelihood of a such a reaction occuring in this system we computed the activation barrier for this process. The activation barrier to β-scission in the parent 1-adamantyl radical was calculated to be E a = 103 kJ mol -1 , while a barrier of E a = 81 kJ 21 and thus excess energy must be removed by a third stabilizing collision. In this instance, the addition of dioxygen to the adamantyl radical C yielding the tert-adamantyl peroxyl radical, F
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( Figure 1c ) is calculated to be exothermic by -169 kJ mol -1 with excess energy presumably dissipated by collisions with helium buffer gas. 19 The influence of the charge on the reaction is likely to be small given that (i) the charge and radical centre are rigidly separated by more than 4 Å and (ii) the neutral reaction partner is 
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Schaefer and co-workers 22 over the alkene forming reaction due to the high degree of strain involved in formation of an adamantene. This mechanism, shown in Scheme 2, is therefore consistent with the observed neutral loss of hydroxyl radical from a tert-adamantyl peroxyl radical. In this study we have prepared a distonic radical anion with charge 130 and radical centres both sterically and electronically isolated from each other by the rigid adamantane cage. This is in contrast to previous studies of distonic radical ions which have utilized rigid 
Notes and references
145 † Density of oxygen in the ion-trap manifold could be as high as 10 10 molecules cm -3 . ‡ The process of adding O2 to C and removing it by CID of the peroxyl adduct, F, can be repeated three times for the same ion population. 
